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ABSTRACT
A screening experiment was performed for a polysilicon gate etch main step for a given
Motorola device in order to improve the process and obtain greater understanding for
future creation of processes. All gate etch tests were performed in the same reactive ion
etch Applied Materials 5200 Centura MxP chamber. Pressure, RF power, magnetic field,
HBr and Cl2 were varied in the main etch step to determine their effects on etch rate and
uniformity of the polysilicon and underlying oxide layer, selectivity of the polysilicon to
the oxide and the etch bias. JMPTM software generate a control composite orthogonal
response surface designed used to study etch rate, uniformity, and selectivity. Each
parameter was set to the minimum and maximum value of the range tested for the etch
bias runs. Using the etch rate, uniformity and selectivity results an experiment was
designed to study etch bias. Weighing polysilicon etch rate as the most crucial effect, the
two experiments suggest increasing RF power and magnetic field while decreasing
pressure relative to the original process is an improvement.
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Title: Lammot Du Pont Professor of Chemical Engineering and Materials Science
Thesis Supervisor: Gerald Benard
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Chapter 1. Introduction
A polysilicon gate etch experiment was performed in Motorola's MOS-13, a class
10 clean room, manufacturing microprocessors on eight inch silicon wafers. Only the
main etch step of the three step polysilicon gate etch process was studied. The five
parameters that can be varied in the step are pressure, RF power, magnetic field, HBr and
Cl2 . A design of experiments was performed using JMPTM software to study the effects of
the five varied parameters on polysilicon and SiO2 etch rate and uniformity as well as etch
bias. The screening experiment was designed to improve and gain a greater understanding
of Motorola's current etch process for a given device. Although the process yields a good
product for shipment to customers, a complete technical understanding of the process was
not know prior to this experiment. A deeper understanding is beneficial for future design
changes and possible improvements to enhance the performance of the device. The results
can also be used to assist in creation of new gate etch processes.
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Chapter 2. Background
1. Types of Etch
The goal of etching is to exactly reproduce the features of the pattern deposited
during photolithography. There are two etching methods used: wet and dry. The former is
the older process. Wet etching uses liquid chemicals (which are often hazardous) to
remove a film. Wet processes can easily be controlled to etch only the desired material
and not the substrate or mask layers. (1) However, the chemicals etch in all directions
equally and this isotropic behavior can cause undercutting of a feature. The undercutting
can create line width loss. As shown in Figure 1, the undercutting of an isotropic process,
hl, equals the thickness of the material being etched, h2. Adjustments of the mask can
alleviate undercutting provided the line width to film thickness ratio is greater than 5:1. (1)
But as the feature shrinks submicron in size, wet etching can not exactly reproduce the
pattern. (2) Thus for a majority of present day integrated circuit technologies dry etch is
used.
Dry etch has both isotropic and anisotropic characteristics. It can be purely
chemical, physical or a combination of the two, called RIE (reactive ion etch). Chemical
dry etch has the same advantages and disadvantages of wet etch except that dry etch
avoids the usage and disposal of hazardous liquid chemicals. Physical dry etch occurs via
a process similar to sputtering. Typically this process is anisotropic however the sputtered
species attacks the mask and underlying layers in addition to the desired layer.(2) To gain
the benefits of both processes, Motorola uses RIE , which utilizes a plasma consisting of
ions and radicals to etch. The ions are attracted to the cathode under the wafer. Since the
wafer is in the path, the ions psychically sputter the wafer's surface material at a ninety-
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degree angle. To avoid roughness or defects on the surface, sputtering needs to be
controlled.(3) The radical component etches isotropically because it chemically reacts with
the material to be etched. Undercutting by the radicals is minimized by the presence of the
ionic (physical) etch component.
ISutrate 1h2 0
Figure 1. The undercutting created by isotropic etch equals the thickness of the etched
material, the substrate.
To quantify the quality of the etch, several characteristics are calculated from
collected data such as etch rate, uniformity, selectivity and etch bias. The etch rate is
perhaps the most common. At Motorola the thickness of the material is premeasured on a
Tencor UV1250, which measures thirteen predetermined sites across the wafer and
calculates the mean and standard deviation. Measurements are performed both before and
after the wafer is etched. The difference of the thickness divided by the etch time is the
etch rate. This rate determines the speed of the process since it is the limiting factor for
gate etch.(l) Thus increasing etch rate, increases throughput.
Knowing the etch rate and the standard deviation of the thirteen measured sites,
the uniformity across the wafer can be determined. Uniformity is defined as the
percentage of three times the standard deviation divided by the thickness expressed as a
percentage, equation 1.
Uniformity = [3* a/(mean thickness)] *100 (1)
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Uniformity is a comparison of the etch rate across the wafer. Contrary to intuition,
a lower value of uniformity is desired since uniformity is directly proportional to standard
deviation. Uniformity is important because it affects yield. To achieve a reasonable yield,
a uniformity of 5% or better is desired.(l) The uniformity from one wafer to another and
one group, or lot, of wafers processed at a given time to another lot processed at a
different time are also important in industry in order to have a reliable process. These
uniformity issues are beyond the scope of this paper.
Since both PR (photoresist) and the polysilicon being etched are exposed on the
wafer surface during etching, it is important that the process etches the desired polysilicon
much more rapidly than the PR, the mask layer. Ideally the PR would not be etched at all.
The PR must remain on the wafer to maintain the quality of the pattern being transferred.
The etching of one material faster than another is termed selectivity. It is defined as the
etch rate of the desired etching material divided by the etch rate of the material not to be
etched. For example, the polysilicon selectivity to PR is the polysilicon etch rate divided
by the PR etch rate.
In general, the PR is thick enough to ignore polysilicon selectivity to PR.
However, the selectivity of polysilicon to SiO 2, the underlying oxide material, is crucial
since the SiO 2 thickness ranges from 38A to 150. Etching through the oxide or pitting
can create electrical failures by creating a short in the transistor being created around the
polysilicon. Pitting is probable because the polysilicon is not etched evenly across the
wafer due to the geometry of the etched features and the tool.(4) Thus to avoid etching
the SiO2 in certain areas while finishing to etch the polysilicon in other areas, a highly
selective chemistry to SiO2 is needed. As the oxide layer becomes thinner due to
miniaturization of the transistor, selectivity becomes more important.(5)
10
ADI
ACI
Figure 2. ADI and ACI are the width of the PR and polysilicon lines, respectively.
After the gate is etched and PR removed through cleaning procedures (to be
discussed), the width of predetermined polysilicon bars are measured within nine die using
a SEM. This measurement is termed ACI (after clean inspection), Figure 2. The width of
the PR above identical polysilicon bars, ADI (after develop inspection), was measured
prior to etching. The ADI value is subtracted from the ACI measurement to determine the
etch bias. This number is negative since the sidewalls of the polysilicon were etched due
to the isotropic aspect of RIE.
The degree of sidewall etching is determined through SEM photographs of the
gate structure after etching and the PR cleaning procedure. From the photographs, the
slope of the feature's sidewalls and degree of undercutting can be measured. Although
these characteristics are important for gate etch they are beyond the scope of this paper
since the overetch step, not the main step, of polysilicon gate etch has been shown through
Motorola experiments to control sidewall slope and degree of undercutting.
2. Process
2.1. Pre-Polysilicon Gate Etch
The process steps prior to polysilicon gate etching consist of creating the doped
well, which will house the source and drain of the transistor and trenches. (The trenches
isolate the transistors from each other.) A layer of SiO2, polysilicon and nitride are
deposited in a furnace maximizing uniformity across the wafer and from wafer to wafer.
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2.2. Tool Setup
RIE etching occurs in low-pressure chambers by a plasma. To create a low
pressure plasma there are six key tool parts. First a pumping system is needed to decrease
the pressure, which is monitored by a pressure gauge. A throttle valve controls the
pressure. A variable conductance allows the gases to be independent of each other. The
amount of gas entering the chamber is controlled by the MFC (mass flow controller). In
the controlled environment, the plasma is created by a RF power supply. Electrodes are
essential to control the plasma.(2) Four magnets surround the chamber to lower the
resistance of the plasma by decreasing the bias voltage potential. The magnets across the
chamber from each other are in series. The two pairs of magnets are 90 degrees out of
phase with each other. This configuration creates a rotating magnetic field which increases
the electron life in the plasma, the number of gas molecule collisions and the ionization of
the gases. (6)
Motorola uses four-chambered Applied Materials Centura 5200 plasma etchers for
gate etch. Motorola has purchased two different types of chambers for polysilicon gate
etching: MXP and DPS. The MXP tool is used for the older technology, which uses
undoped silicon as the gate material. (The technology studied in this experiment is etched
in the MxP tool.) The DPS (decoupled plasma source), a newer tool, creates straighter
profiles and better critical dimension (CD) control than the MxP technology with doped
and undoped polysilicon. The profiles are contributed to the ability to independently
control the plasma by varying source and bias power independently unlike the MxP. On
the DPS tool the source power can be varied in order to control the density of the plasma.
To control the plasma ion's energy, the bias power is altered. Other benefits of DPS
include the ability to operate under a broader window, meaning etch rate, selectivity and
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profiles can be altered to a larger degree than with an MxP chamber. The DPS also
decreases damage to the wafer during etching. The tool is guaranteed by Applied
Materials to etch to dimensions as small as 0.18 microns.
A lot, consisting typically of 25 wafers, is placed in a load lock which pumps down
to vacuum. From the load lock the wafer enters the buffer chamber which connects to the
chambers. Travel from one chamber to another or a load lock includes passing through
the buffer chamber. The wafer is aligned in chamber F before etching occurs in the MXP
tool. In DPS tools, the wafer is aligned on-the-fly (OTF) as it is transferred in the buffer
chamber.
After the wafer is aligned it enters chamber D for the descum etch, which removes
excess PR, and then chamber C for the ARC (anti-reflective coating), a nitride, to be
removed. The descum and ARC chambers can run both processes but on the some of the
etchers at Motorola the chambers are dedicated, meaning they run only one of the two
processes. Dedication was done to increase control of critical dimensions by preventing
different processes from contaminating one another. However, it decreases the flexibility
of the tool and increases processing time. The polysilicon is etched in either chamber A or
B. Having two chambers for the longest etching stage increases throughput.
To insure the proper functionality of the tools, tests monitoring key parameters of
the process are necessary. These tests, called quals, are performed regularly. The qual
has three parts: etch rate and uniformity testing, vacuum integrity and particle testing. For
etch rate and uniformity testing, wafers with only a layer of PR, nitride or polysilicon are
run in chambers C, D and A and B, respectively. The thickness of the material on these
wafers are measured before and after etching to determine the etch rate and uniformity of
the three materials (PR, nitride and polysilicon) in the given chambers. To determine base
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pressure and verify the vacuum integrity of the chambers, the MFCs are calibrated by
flowing gases in order to check the actual flow rate against a setpoint.
The plasma is turned on in each chamber with bare silicon wafers in the chamber to
determine the number of particles falling off the chamber walls. The wafers are measured
before and after etching on a Tencor particle monitor, which measures the number of
particles on the surface. The addition of particles must be below a maximum value in
order to prevent contamination. The particles in the chamber are due to the flaking of the
polymer build-up on the side of the walls. Particles can also be created if the operator does
not handle the wafers carefully and bumps them against each other. The maximum
allowed particle limit accounts for particle increases due to mishandling.
The results must fall within limits of the parameters in order for the tool to pass.
Otherwise, the tests are performed again. If they fail a second time the tool must undergo
maintenance troubleshooting. If the particle test fails twice, maintenance will wet clean
the chamber. A wet clean consists of venting and opening the chamber in order to clean
the dirty chamber lining and replace chamber parts with those previously cleaned using
liquid chemicals.
Wet cleans are also performed on a routine basis to prevent particles or other
problems that often occur due to polymer build up on the walls of the chambers. RF
hours, which depend on how often the chamber is used, determine when a tool needs to be
wet cleaned. When they reach a maximum value a wet clean is required. After a wet
clean, the RF hours are set to zero.
2.2.1. Descum
From the load lock, a wafer enters the descum chamber where 02 removes any PR
residue between the gaps of the pattern to assure a clean pattern for polysilicon gate etch.
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Oxygen is used for this step because it does not attack polysilicon. Adding fluorine would
increase the etch rate by forming CF and leaving more sites for the oxygen to attack the
PR.(2) However, the descum etch rate with just oxygen is 6000A/min and the etch time is
at most fifteen seconds. Thus the 02 not only etches away the small particles in between
the gaps of the mask, but it also etches away some of the original 6000-8000A of PR
consisting of the desired pattern. The byproducts of the descum step are mainly CO and
CO 2 since the PR is a polymer. To prevent over etching of the pattern, the etching time is
short. Decreasing the etch time by adding fluorine could cause the plasma to not be stable
during the etch as well as etch more PR.
2.2.2. ARC
The ARC (antireflective coating), a nitride layer, is deposited before the wafer is
coated with PR. The ARC coat prevents the polysilicon from reflecting light during
exposure of the PR during the manufacturing of the pattern by absorbing 70-85% of the
radiation. In order for the plasma to attack the polysilicon during etching, the 200A
nitride layer must be removed.(2) The etching process is composes of Ar sputtering and
chemical etching using CF4 and CHF3. Fluorine is isotropic and etches Si very fast,
however combined with carbon the silicon etch rate is reduced.
2.2.3 Polysilicon Gate Etch
The first of three steps of polysilicon etching is a breakthrough. The CF4 etches
the native oxide of silicon that may have grown when the wafer was being transferred
from the ARC to the polysilicon chamber via the buffer or if the wafer was removed from
the tool. Next is the main etch step which uses HBr and Cl2 for 10 - 70 seconds,
depending on the technology being processed. The HBr physically etches creating
sidewall polymer. Although the presence of Br corrodes the chamber and increases the
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danger of the process due to its caustic nature, it increases Si selectivity to SiO2. The Cl2
is also selective to Si0 2, but it etches aniostropically.
CF4 is another anisotropic gas commonly used for etching polysilicon because of
its fast etch rate. However, Si0 2 selectivity is sacrificed. Etching polysilicon with CF 4
will also etch away the oxide layer. With SiO 2 layers decreasing in thickness, it is
preferable to obtain good selectivity over etch rate when choosing a chemistry. Thus, CF4
is not used for the polysilicon main etch step with newer technology.
Unlike all other etch steps, the main etch is not set to a predetermined time.
Software controls the endpoint time and different algorithms are used for different devices
depending on the thickness of polysilicon. When the concentration of Cl2 meets a
predetermined concentration the etch stops. The amount of Cl2 reacting with the silicon
decreases. Therefore, the amount of pure Cl2 in the chamber increases as the amount of
available polysilicon for the reaction decreases.
When the wafer endpoints, not all of polysilicon lines have necessarily been
completely etched. Usually, the polysilicon is etched quicker on the wafer edge. Thus an
overetch step follows to make sure all the polysilicon is removed. Cl2 is used as the
chemistry for good selectivity and its anisotropic behavior. Like the breakthrough step,
overetching is a timed step ranging from 30 to 80 seconds. Increasing the time can
increase performance by straightening the profile of the polysilicon lines.
2.3. Post-Polysilicon Gate Etch
After polysilicon etching the wafers are ashed to destroy any remaining PR. A
plasma consisting of atomic oxygen attacks the PR creating CO, CO 2 and H20
byproducts.(7) To destroy any ash residue, exposed nitride oxide or sidewall polymer, the
wafers are cleaned in Piranha for approximately ten minutes at 120*C and at 22*C in HF
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for approximately 1 minute. Afterwards they are dried in IPA (isopropyl alcohol) for
about 10 minutes. All the cleaning is automated in a chemical hood to eliminate operator
error and increase safety. To collect data for the etch process, ACI is measured. If the
measurements are acceptable the wafers are sent on for further processing of the device.
Otherwise the cause must be determined and fixed as to not misprocess more wafers.
3. Gate
The gate structure, shown in Figure 3, is composed of a source and drain doped
either n or p-type depending on the doping element of the silicon in which the source or
drain is being formed. Above the silicon are layers of oxide and polysilicon. The oxide
layer has a resistivity greater than 1016 Ohm*cm in order to prevent current flowing from
the silicon to the polysilicon, the gate material.(8) The source and drain are implanted
using the oxide and polysilicon structure as a mask. The self-alignment of the source and
drain makes the width of the gate
structure at most the width of the oxide and polysilicon structures. The transistor width is
2000A
50A
n n
Si Leff
Figure 3. The gate structure for p-doped silicon.
usually smaller due to lateral diffusion of the doped source and drain below the gate. The gate
functions by applying a positive gate voltage to the polysilicon. A negative voltage is induced in
the silicon below the oxide causing the electrons to travel from the source to the drain.
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Since the effective width of the gate, Leff, separates the source from the drain as
seen in Figure 3, the value of Leff determines the speed of the transistor. Thus it is
important the etch process generates a Leff within a close range to that which is required.
The implant and lateral diffusion of the source and drain is also crucial. If Leff is too large,
there will be no overlap of the polysilicon with the source and drain resulting in a break in
the channel for the electron channel. If the overlap is too great the transistor speed will be
decreased due to gate-drain or gate-source capacitance.
Leff is a function of RTA (rapid thermal anneal), polysilicon width and nitride
width. Since polysilicon is the major factor of Leff, it must be controlled well. The width
of the polysilicon is most affected by PR width and etching. Thus good control of the
polysilicon gate etch process is vital to the functionality of the device.
Originally, Al was used as the gate material but polysilicon is now used due to
processing benefits. Due to polysilicon's high melting point the gate can be deposited
prior to the high temperature processes. Since polysilicon etch is a front end process, the
polysilicon material must not deteriorate during future high temperature processes
exceeding temperatures of 900*C, such as source and drain formation. (9) Aluminum
melts at 660'C rendering it useless as a gate material for deposition during the front end.
The polysilicon gate can then serve as a mask for ion implantation for the source and
drain, causing self-alignment of the gate over the source and drain channel. (10)
The disadvantage of polysilicon is its higher resistivity compared to Al. However,
polysilicon better fulfills the requirements of a gate material and also simplifies processing
by serving as a mask.
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4. Known Problems
The polysilicon silicon gate etch has known problems that occur randomly.
Preventative actions are taken to minimize the effects, however a permanent solution is
known. It is difficult to solve the problem when it happens intermittently. The three
biggest problems are particle failures, blocked etch and first wafer effect.
When a tool is being qualed it will sometimes fail due to high particle counts in the
chamber. The particles are the residuals of the chemistry or sputtering of the etch. The
solution is often to cycle wafers through the chamber in order for the particles to stick to
the wafers and exit the chamber. If this does not work, the chamber needs to be cleaned.
If high particles are not detected, the polymer stuck to the side of the chamber can
fall off the wall and onto the wafer and prevents etching. This is termed blocked etch. A
wet clean is a temporary solution. If the problem is reoccurring, the process must be
altered in order to increase the mean time between wet cleans to a reasonable time for
capacity to not be sacrificed.
Another problem sometimes occurs when the tool is sitting idle for a while. The
first wafer run in the polysilicon chamber will endpoint early, often hurting etch bias. A
temporary solution is to run warm up wafers before a lot to condition the chamber,
however this will harm capacity. Motorola has chosen to take the yield loss since the
problem is not regular and repeatable.
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Chapter 3. Experiment
Five factors - pressure, RF power, magnetic field, Cl2, and HBr -were altered to
determine the optimal parameters for the main etch of a polysilicon gate etch chamber. All
polysilicon etching was performed in the same AMAT 5200 MxP Chamber. The descum
and arc etches occurred in the designated chamber, D and C, respectively on the same
tool.
Uniformity, etch rate, selectivity, etch bias and critical dimensions (CDs) were the
effects studied. This experiment was broken into two parts. The second experiment,
discussed in Chapter 4, focused on etch bias and CDs, whereas the first studied the
remaining effects. The same range entered into the design of experiments for the five
factors was used in both parts of the experiment and is shown in Table 1. The wafers
using the values from the original recipe are the center points. The letters denote the
center point values, which are Motorola confidential information.
Although the production wafers use polysilicon as the gate material the test wafers
used for the experiments contained amorphous silicon for financial reasons. The
characteristics from an etching perspective are similar.
Parameter Range
Pressure A +/- 20 mTorr
RF Power B +/- 40 Watts
Magnetic Field C +/- 10 Gauss
HBr D +/- 10 sccm
C12  E +/- 5sccm
Table 1. Each parameter is listed with the range used for the experiments. The letters correspond
to the parameter's values for the original process.
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1. Etch Rates, Uniformity, Selectivity
1.1. Setup
A design of experiments (DOE) was performed using the software JMPTM for the
first part of the experiment. The five factors were used in a central composite, orthogonal
response surface design. A response surface design fits a curved surface to the factors,
thereby determining the optimal values for a minimum of maximum output. An
orthogonal design generates factors that have no variation larger than is determined by the
creator. The central-composite design gives three points: two-level fractional factorial,
center and axial. The center points values are at the mid-range values. The values for the
axial points are all mid-range values, except for one parameter and the fractional factorial
points have no mid-range points. The DOE required thirty-two wafers to be run. Six runs
were center points, sixteen fractional factorial and ten axial.
The polysilicon gate etch process etches the polysilicon until the underlying oxide
layer is reached. Thus the polysilicon and oxide etch rates and uniformities are important
effects of gate etch. With these parameters, the selectivity of polysilicon to oxide is
determined. Therefore, the DOE was run twice. Once with polysilicon wafers, which have
2000 A of amorphous silicon deposited over 1000 A of oxide, and the second time with
only the oxide layer on the wafers.
The sequence for the experiment consisted of two steps: alignment in chamber F
and an etch in chamber A. A production recipe consisting of a breakthrough, main etch,
and overetch step was copied and altered for the experiment. The main etch was switched
from endpoint controlled to a 120, for oxide, and 30, for polysilicon, second step. The
overetch step was also removed in order to only test the effects of the main etch. For the
oxide wafer the breakthrough step was deleted because the breakthrough step destroys the
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oxide. To determine the main etch's oxide etch rate, oxide must be present during the
step. The etch times for the materials were chosen so that the etching stops before all the
material is etched away for post measurement and determination of the amount of material
etched for a given period of time.
1.2. Procedure
The thickness of the top layer, either oxide or polysilicon, was premeasured on a
Tencor UV 1250 to verify the thickness. The wafers were then run in the polysilicon gate
etch chamber. Four copies of the polysilicon or oxide recipe were modified while the
wafers were running. The first four wafers were assigned recipes 1 to 4 and the next four
the same, etc. When the wafer had exited the polysilicon chamber, the recipe was edited
for the next wafer assigned to that recipe. Having four recipes allowed enough time for the
recipe to be modified and checked before the next wafer assigned to that recipe was
etched, therefore decreasing the chance of human error.
Due to the fact that the tool is used for production and the large number of wafers
needed to be run, it was necessary to do only portions of test at a time. The first wafer
run in the chamber was always a center point in order to minimize the first wafer effect on
the experiment.
A warning and fault occurred twice when the process was paused and then
resumed during the etching of one of the center point wafers. The errors generated were
an endpoint communication warning and fault. The processing time for this wafer during
the main etch was 132 seconds compared to the other wafer's main etch processing time
of 125 seconds. Since the wafer was an endpoint the data could be compared to the other
center point wafers to determine if there was an effect due to the tool error.
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After etching, the wafers were postmeasured on the same Tencor UV1250. An
algorithm in the software combined the pre and post measurement data to determine the
mean thickness of the material etched and the corresponding standard deviation.
1.3 Results and Discussion
1.3.1. Polysilicon Etch Rate
From the screening analysis profile plots, Figure 4, etch rate vs. RF power,
magnetic field or HBr exhibit a linear relationship relative to the center points for all
parameters. (Changing the reference point can alter the slope if the parameters interact
with each other.) The mean values were used to calculate the slope of the graphs. HBr
has no effect on etch rate since it is a horizontal line. Magnetic field and RF power have
almost equivalent effects with slopes of 7.1 A/G and 7.4 A/W.
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Figure 4. Prediction profiles generated from the screening analysis. RF power, magnetic field and
HBr have linear relationships with etch rate.
The other parameters, pressure and C12, have a second order effect on etch rate. Pressure
has a minimum at approximately (A+39) mTorr and C12 at (E+6) sccm. Increasing
pressure or Cl2 relative to the center point, will have no effect on etch rate since the line is
horizontal. For values less than the center point pressure has a slope of -8 A/mTorr and
C12 of 8 A/sccm.
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Interaction Profile
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Figure 5. The interaction profiles for polysilicon etch rate show that all parameters effect each
other except for any parameter on RF Power. The intersection of lines suggests interaction. The
arrows show the increasing direction of the parameter on the y-axis.
Due to the change in prediction traces of the other factors when the vertical line is
moved for one factor form the center point and the interaction profiles, it is evident that
the parameters effect one another, as suspected. The interaction profiles, Figure 5, show
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that all parameters, except for the effects on RF power, interact within the ranges of the
experiment. Since the lines are not parallel to each other and do not intersect, they either
never intersect or intersect outside the tested range, which is irrelevant to this experiment.
The stepwise analysis of the data generates ten significant parameters. Of these,
only six - RF power, magnetic field, pressure * magnetic field, RF power * magnetic field,
magnetic field * Cl 2, C12 * HBr - have a prob>F less than 0.05, Table 2, suggesting a
significant effect on the etch rate.
Significant Factor Prob>F
RF Power 0.0170
Magnetic Field 0.0170
Pressure * Mag. Field 0.0040
RF Power * Magnetic 0.0463
Field
Magnetic Field * Cl 2  0.0307
Cl2 * HBr 0.0451
Table 2. Parameters with prob> F less than 0.05 for polysilicon etch rate.
The standard least squares model generated with the significant parameters
determined by the stepwise model has an R2 value of 0.9480 and an R 2adj value of
0.8993, suggesting that the data fits the model well. The lack of fit data suggests that a
maximum R2 of 0.9757 can be achieved. Although this value is greater than the model's
R2 the increase in R2 probably doesn't make a significant change in the model since the
present model describes the data very well. The whole model test's prob>F, 0.0001,
supports the validity of the present model.
The important parameters in order of significance, based on prob>F, are pressure *
magnetic field, RF power, magnetic field, RF power * magnetic field, magnetic field * C12
and C12 * HBr. The confidence curves on the graphs cut through the horizontal line for
the first three and touch the line for the last three parameters, see Figure 6. The prob>F
values support the stronger effect of pressure * magnetic field, RF power, and magnetic
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field on polysilicon etch rate. The first three parameters have a prob>F of 0.03 less, on
average, than the others.
From the three polysilicon etch rate analyses, RF power, magnetic field and
pressure are the most important parameters for etch rate control. Other characteristics
such as polysilicon uniformity, oxide etch rate and uniformity must be considered to
optimize polysilicon gate etch.
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Figure 6. The leverage plots of the significant parameters for polysilicon etch rate.
1.3.2. Polysilicon Uniformity
The parameters all have a second order effect on uniformity except for Cl2, which
has a horizontal prediction profile. Pressure and HBr have a negative correlation to
uniformity while all others are positive. The slopes of the profiles are shallow ranging
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from -0.05 A/mTorr, for pressure, to 0.5 A/G, for magnetic field, Figure 7. If values are
altered from the center point, the prediction profiles change curvature suggesting that the
parameters effect each other in the given ranges. The interaction profiles, Appendix A,
support the finding.
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Figure 7. Prediction profiles for polysilicon uniformity.
The stepwise model determined eight parameters to be important. Only two,
magnetic field (0.0011) and pressure * magnetic field (0.0056), had prob>F less than 0.05.
The eight parameters were used in a least square model with an R2 of 0.7428 and an R2adj
value of 0.6204. The maximum R2 possible is 0.9784. Although the whole model's prob>
F was 0.0002, a better model was necessary due to the low R2 value.
From a Box-Cox transformation with X = -1.6, Figure 8, a model with an R2 of
0.8684 and an R2adj value of 0.8146 was formed. Although the R2 is less than 0.9, the
model is an improvement. With the transformation only six parameters were found to be
significant from the stepwise model. Pressure * magnetic field had a probability of zero
and RF power had a probability value of 0.03188. All other parameters had values greater
than 0.05.
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Like etch rate, uniformity is most affected by RF power, magnetic field and pressure.
However, as shown from the screening model these effects are small and probably even
negligible. The screening model suggests that the uniformity across a wafer may not be
altered by a change in one of the five parameters. If uniformity is a problem for the
process altering these parameters is not the solution. Perhaps, a wet clean or hardware
change or upgrade is necessary since chamber conditions are known to effect uniformity.
However, this model is useful because it suggest that RF power, magnetic field and
pressure can be altered to increase etch rates without sacrificing uniformity.
(Box-Cox Transformations Uniformity
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Figure 8. Box-Cox transformation with lambda = -1.6.
1.3.3. Polysilicon Etch Rate and Uniformity Conclusions
The polysilicon etch rate and uniformity are most effected by RF power and
magnetic field * pressure. Of the sixteen wafers that ran with modified pressure and
magnetic field parameters, only two, wafers 17 and 31 in Table 3, had an etch rate higher
than the average center point etch rate and a uniformity lower than the average center
point uniformity. Ignoring changes in Cl2 and HBr due to their insignificant effect on etch
rate and uniformity, the two wafers with good etch rate and uniformity measurements
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were run under identical conditions. Magnetic field and RF power were set at the
maximum of the range and pressure at the minimum. From examining the change in etch
rate and uniformity when one factor changes using the data in Table 4, it was determined
that having a high magnetic field and low pressure generally increases uniformity and the
etch rate is increased most by increasing RF power. As determined from the statistics the
change in magnetic field and pressure also effects etch rate.
To conclude the optimum operating conditions for a fast etch rate and low
uniformity value, the average etch rate and uniformity were subtracted from each wafer's
measurements. Only five wafers, shown in Table 3, had positive etch rate and negative
uniformity values. Wafer 17, showing the best etch rate and uniformity combination,
Wafer Etch Rate Difference Uniformity Difference Parameters
17 341.88 -1.40 FF -HMag, LPr, HRF
11 529.58 -0.57 Axial - Highest RF Power
31 206.86 -2.01 FF - HIMag, LPr, HRF
20 202.34 -0.07 Axial - Lowest Pressure
8 43.82 -0.53 Center Point
Table 3. Wafers with higher etch rates and lower uniformity than the center points. The wafers are
ranked from best to worst, weighing etch rate as a more desirable effect than uniformity. The H
before each parameter stands for higher than the center point and L stands for lower than the center
point. FF stands for full factorial.
was processed with a high magnetic field and RF power and low pressure, as was wafer
31. Wafer 11 which is ranked second best if etch rate is weighed more than uniformity, is
an axial point. The varied parameter is RF power, which was greater than the maximum
allowed in the range. This supports the statistical data that RF power has a large effect on
etch rate. The last two wafers, 20 and 8, show significantly less uniformity and wafer 8
shows a low etch rate difference. The data suggests that the only operating conditions
better than the center point have a maximum magnetic field, minimum pressure and a
value greater than the maximum for RF power. This supports the etch rate and uniformity
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statistical results, discusses previously. An etch bias test using these parameters was
performed as a further experiment, to be discussed later.
1.3.4. Oxide Etch Rate
A screening analysis of the oxide data, Figure 9, shows that only magnetic field has
a linear relationship with etch rate with a slope of -2 A/Gauss. RF power and Cl2 effects
on etch rate are quadratic. Increasing RF power from the center point will only increase
etch rate with a ratio of 0.3 A/W. At an RF power less than the center point the slope is
0.7 A/w. Although increasing C12 relative to the center point has no effect on etch rate,
decreasing the gas by one sccm decreases etch rate by 4. The parabolic graphs for
pressure and HBr have slopes of +/-2 A/mTorr and +/3 A/sccm estimating each side of the
parabola as a straight line. Thus a change in any parameter, except increasing Cl2 relative
to the center point, will alter oxide etch rate. In addition, changing any parameter will
effect the response of the other parameters to etch rate as is shown in the interaction plots,
Appendix A.
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Figure 9. Prediction profiles for oxide etch rate.
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Without a transformation the R2 and R2adj values for the standard least square
model, are 0.67 and 0.51. An R2 of 0.77 and an R2adj of 0.62 are achieved with a Box-
Cox transformation with X equal to -1. Although the R2 improved, it is still too low. The
max R2 calculated from the data is 0.99, however different modifications did not show any
improvement over the R2 from the Box-Cox transformation. Although this model has a
poor R2 value, the conclusions give some insight into the possible significant parameters
of oxide etch rate.
Significant Factor Prob>F
Pressure * Pressure 0.0027
Magnetic Field 0.0145
RF Power 0.0177
C12 0.0299
HBr 0.0344
HBr * HBr 0.0358
Table 4. Prominent factors of oxide etch rate from the Box-Cox transformed model listed in order
of decreasing significance.
Using the best model with an R2 of 0.77 six parameters have significant effects on oxide
etch rate as shown in Table 4. The data supports the findings in the screening analysis.
RF power, magnetic field and Cl2 having fairly linear relationships with respect to etch
rate. A parabolic relationship between etch rate and pressure or HBr exists. Pressure
squared seems to have the biggest effect by an order of magnitude greater than RF power
or magnetic field.
1.3.5. Oxide Uniformity
The prediction profiles from the screening model, Figure 10, show that changing
magnetic field or HBr will not alter uniformity. Uniformity decreases as RF power is
increases with a slope of -0.01 A/W. Either a decrease or increase in pressure relative to
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the center point will decrease uniformity with a slope of approximately +/- 0.02 A/mTorr.
The parabolic relationships between uniformity and pressure or C12 were assumed to be
linear on either side of the center point. As the amount of C12 increases form the center
point, uniformity increases at the same rate as pressure, 0.02 A/sccm. However, as C12
decreases from the center point uniformity decreases at a faster rate of -0.6 A/sccm. The
error bars on all of the five graphs are large, suggesting a low R2 value, which the
stepwise and least squares models confirm.
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Figure 10. Prediction profiles for oxide uniformity.
The interaction profiles, Appendix A, show that all parameters interact to some
degree. Magnetic field and pressure have the strongest interactions with HBr and RF
power, as well as each other.
Significant Factor Prob>F
Magnetic Field 0.0001
C12 0.0001
C12 * C12 0.0001
Mag. Field * HBr 0.0002
Pressure *Br 0.0072
RF Power * Mag. 0.0163
Field I _ I
Table 5. Prominent factors of oxide uniformity using a Box-Cox transformation with lambda equal
to 2. The parameters are listed in order of decreasing significance.
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From a stepwise analysis, a least square model was created with an R2 of 0.82 and
R2adj of 0.70. A Box-Cox transformation with lambda equal to two generated a model
where R2 equals 0.85 and R2adj equals 0.75. Despite the R2 improvement, the value is still
low.
The effect test of the least square model determined six factors, listed in Table 5,
to be significant for oxide uniformity. The first three - magnetic field, Cl2 and C12 * Cl2 -
have slopes of almost ninety degrees in the leverage graphs, Figure 11. Although the R2
value is low, the fact that the prob. F is extremely low suggests that the model is certain
that these factors are significant. Therefore, it is very probably that these factors effect
oxide uniformity.
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Figure 11. Leverage plots for parameters with prob> F less than 0.05 for oxide uniformity.
1.3.6. Selectivity of Polysilicon to Oxide
The parameters have a second order effect on selectivity. Magnetic field is the
only factor that can be approximated within the tested range as a line. All others have
equal positive and negative slopes centered around the center point value except for Cl2,
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which has a steeper slope as Cl2 decreases. All parameters have very shallow slopes
ranging from +/- 0.1 A/sccm to +/- 0.3 A/sccm, suggesting that the parameters do not
alter selectivity. This data suggests that the process's chosen chemistry has more affect
than the amounts of gases flowed or chamber settings.
The interaction plots suggest that the parameters all interact with one another,
which is expected. All the parameters affect each other for oxide etch rate and all except
RF power for polysilicon etch rate. Since selectivity is a function of the two etch rates,
the parameters will interact to affect selectivity as well.
Using the stepwise model R2 was 0.58 and R2 adj was 0.41. Due to the low R2, a
Box-Cox transformation, where lambda equals 0.8, was performed. The R2 and R2adj did
not improve. The poor modeling of selectivity may be due to the low R2 for the oxide
etch rate data. In addition, all five parameters affect both the numerator and denominator
of the ratio. To maximize selectivity the parameters need to maximize polysilicon etch
rate while minimizing oxide etch rate.
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Chapter 4. Etch Bias
1. Setup
To determine etch bias each parameter - pressure, RF power, magnetic field, HBr
and Cl2 -was individually altered. The high and low values from the etch rate values were
used except for Cl2, whose high and low values were increased and decreased by 10 sccm,
instead of 5 sccm, in order to gather data for a wider region. The combinations of the
high and low values for pressure and magnetic field were added to better understand the
pressure * magnetic field effect on the polysilicon etch rate. As in the etch rate
experiments, six wafers were run using the center point conditions.
Wafers with 200 A of nitride on top of 2000 A of amorphous silicon and 68 A of
oxide were patterned with a gate layer. A four step sequence consisting of an alignment,
descum etch, ARC etch and polysilicon etch was used. The descum and arc steps were
both approximately fifteen seconds. The polysilicon recipe was copied from the same
recipe as the polysilicon and oxide etch rate tests. For the etch bias tests, the
breakthrough, main etch and overetch steps were all included. The main etch was an
endpointed step. The only parameters changed were the five parameters - pressure, RF
power, magnetic field, HBr and C12 - in the main etch step according to the experiment.
2. Procedure
The twenty wafers necessary for the experiment were premeasured for ADI on a
KLA 8100. Similar to the etch rate tests, three copies of the etch bias recipe were
modified while the wafers were running. The wafers were run sequentially. Like the etch
rate tests, the center point wafers began and ended the test in order to start and leave the
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chamber in the same condition. The other four center points were distributed throughout
the run to collect data at various integrals. The remaining wafers were assigned to one of
three recipes which was altered when the previous wafer running the same recipe had
completed processing. For the same reasoning as in the etch rate testing four recipes were
used. The endpoint time was recorded for each wafer. After etching the wafers were
ashed and cleaned using piranha and HF. Postmeasurement occurred on the KLA 8100
for ACI measurements.
3. Results and Discussion
The data of four of the six wafers run with center point conditions was
consolidated into wafer 1. (One of the wafers did not postmeasure correctly and thus its
data was excluded. And the other wafer appears to have a first wafer effect, to be
discussed.)
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Figure 12. Etch Bias versus a) pressure b)magnetic field c) C12
A stepwise analysis was performed with a model containing each factor and the
factor multiplied by itself in order to determine the parameters driving etch bias. The
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results suggested that magnetic field and C12 are significant to etch bias due to their
prob>F of 0.0035 and 0.02, respectively. The low R2 , 0.75. and R2 adj, 0.64, suggest
that the conclusions from the model may be incorrect.
Etch bias was graphed versus each parameter. Since each parameter has only three
points (high, center and low), only linear relationships can be determined with assurance
from the data. Pressure, magnetic field and C12 1 appear to have linear effects on etch bias,
Figure 12. Magnetic field is shown to be directly proportional, while an increase in the
other two parameters decreased etch bias. The R2 data for the three parameters is shown
in Table 6. Because the R2 and R2 adj values for pressure are low, the data points do not
fit the linear response very well. Perhaps, one of the data points is incorrect due to human
or machine error altering the data to not fit a linear response well. The data fits a line well
for magnetic field and C12, suggesting strong linear relationships with etch bias.
Factor 2 2
Pressure 0.72 0.45
Magnetic Field 1.00 0.99
C12  0.94 0.87
Table 6. The R2 and R2adj value for the linear fit between etch bias and the listed factor. The
statistics support the linear relationship with etch rate and magnetic field and C12, but not pressure.
Effects of standard deviation were graphed the same as etch bias. For standard
deviation, only pressure suggests a linear response, Figure 13. The R2 and R2adj values are
0.91 and 0.82, respectively. The other factors have a parabolic effect, if any. Thus
decreasing pressure should improve wafer uniformity.
1 The low value for C12 was 10 sccm lower than the minimum C12 value for the other experiments.
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To gain insight on non-linear effects as well, the parameters of the four wafers
exhibiting less variation than the center point wafers were examined . Table 7 lists the
wafers in order of increasing standard deviation. The data suggests that etching in a low-
pressure environment increases the uniformity across the wafer more than changing any
other parameter, which supports previous findings. Changing RF power or RF power and
magnetic field also generates better uniformity across the wafer.
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Figure 13. Standard deviation vs. pressure.
The data analyzed for etch bias does not give a good indication of the combined
effect of low pressure, and high magnetic field and RF power, which is an optimal
operating condition
Wafer Mean Etch Stnd Parameters
Bias (nm) Dev
2 -26.23 3.79 Low Pressure
6 -28.02 4.64 High RF Power
5 -27.44 4.74 Low RF Power
19 -26.88 4.88 High RF
Power/High
Magnetic Field
1 -27.10 5.38 Center Point
Table 7. The wafers with the best standard deviation listed in order of increasing deviation. The
modified etch factors are listed in the parameters column.
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for high polysilicon etch rate. Further experimentation was performed to better
understand the etch bias relationship using the polysilicon, oxide and etch bias results
already gathered.
4. Further Testing
4.1. Setup
The combined data from the two experiments leads to more profile wafer to be run
to fully understand the causes of etch bias. This testing was performed in the same
manner as the other testing: same tool and chamber, center point wafer run first to
condition chamber, etc. The four conditions, Table 8, appear to be the best conditions for
polysilicon gate main etch, weighing the polysilicon etch rate and the standard deviation of
the etch bias as the most important factors. Oxide etch rate and uniformity are considered
less important because the polysilicon etching is more critical to the process and the R2 for
the oxide models is low.
Run Pressure RF Power Mag. Field HBr C12
1 A-20 B+40 C+10 D E
2 A-20 B+70 C+10 D E
3 A-20 B+40 C+10 D E-10
4 A-10 B+20 C+5 D E
Table 8. The four conditions for future testing of these parameters on etch bias. The center point
conditions are included for comparison.
From the polysilicon etch rate model, lower power, higher RF power and higher
magnetic field than the center point appear to increase the polysilicon etch rate and hence
the selectivity. The standard deviation of etch bias appears to beneficially be effected by
these three parameters as well. A low pressure gave the best standard deviation results.
High magnetic field and RF power also showed better standard deviation then the center
39
point. According to the screening model of the polysilicon etch rate, the higher the RF
power the quicker the etch rate and thus a better selectivity. The RF power was increased
above the maximum of the testing range to determine a high RF power's effect on CDs.
The two established runs ignore the effect on oxide etch rate and uniformity.
Although previously mentioned as less important, the oxide models should still be
considered. Etching at C +10 Gauss and D sccm of HBr is the optimum settings of these
parameters for oxide etch rate. Lowering Cl2 by 10 sccm from center point should help
oxide etch rate without greatly harming polysilicon etch rate. A high pressure and low RF
power are also desirable for oxide etch rate and uniformity, but these parameters will
adversely effect polysilicon etch. A low magnetic field, which is opposite the optimum for
oxide and polysilicon etch rate, will help uniformity. To change these parameters is not
optimum for the entire process since etch rates are more important. Thus the third
condition incorporated a low flow of Cl2 into the low pressure, and high RF power and
magnetic field settings.
Run: 1 2 3 4 Center Point
Polysilicon 3145 3397 2922 2845 2617
ER
Polysilicon 7.84 7.86 8.54 7.24 6.41
Unif.
Oxide ER 229 233 183 209 208
Oxide Unif. 8.96 7.98 14.6 10.0 10.4
Selectivity 13.7 14.6 16.0 13.6 12.6
Endpoint 43 40 43 43 48
Table 9. The values for etch rate, uniformity and endpoint for the four conditions. The center point
data is included for comparison. The analysis was performed using the screening model for etch
rate and uniformity data and the effects of RF power on endpoint.
An increase in magnetic field and a decrease in Cl2 both increase etch bias. The
parameters are being altered to optimize etch rates and uniformities without altering etch
bias, thus only one run altered Cl2. To further reduce etch bias the increase in magnetic
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field could be less. Run four used less extreme conditions as to not alter etch bias too
greatly.
Using the screening models for polysilicon and oxide etch rates and uniformities
the values listed in Table 9 characterize the four conditions and can be used to rate their
desirability. The predicted endpoint values in Table 9 were read from the endpoint versus
RF power graph.
4.2. Results and Discussion
From Table 9, the only data that can be determined from profile wafers is the
endpoint times. The experimental and theoretical times matched for the first three runs
suggesting that RF power controls endpoint time. The last wafer, run 4, was run at a
different time than the other three wafers. The center point wafer that was run before the
experimental wafer for chamber seasoning had a longer endpoint time than the other
center point wafers. The center point wafer endpointed at 51 seconds as opposed to the
48 seconds expected, suggesting a first wafer effect. However, the data for the first three
runs shows no first wafer effect, even though, like the other profile tests, the tool was idle
before the testing. First wafer effects will be discussed later.
Parameter Run I Run 2 Run 3 Run 4 CPJ CP2
ADI (nm) 258 254 257 262 256 261
ACI (nm) 241 240 243 242 229 237
Etch Bias (nm) -17 -14 -14 -20 -27 -24
Stnd Dev of 4.83 6.66 7.60 8.25 5.04 5.79
Etch Bias
Table 10. Etch Bias measurements of further testing wafers.
From Table 10, only run four had an etch bias 10 nm or less than either center
point. Runs 1 through 3 used wafers from one lot, while run 4and the center point run
with it were from a different lot. Both lots went through the same processes and should
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not be different. However, the ADI of the second center point wafer was 5 nm larger than
the center point run with the first three wafers. (The first center point matched the etch
bias and standard deviation of the previously run center points.) The ADI of run 4 was
extremely close to its center point and not the values of the ADI's from the other lot. The
large ADI could be the cause of the longer endpoint time for the second center point
wafer. Run 4 is within 4 nm of it's own center point and only 7 nm away from the first
center point. If the difference in lots, perhaps caused by processing at a margin, is the
cause for the different etch biases then it appears that the conditions for run 4 yield an etch
bias 5 nm within the center point. If the lower etch bias for the second center point is due
to a first wafer effect, then the etch bias of run 4 can be compared to the first center point.
Making the changes in parameters less extreme in run 4 should yield an etch bias within 5
nm of the center point while benefiting polysilicon etch rate and possibly standard
deviation of etch bias. Unfortunately, run 4 yielded the worst standard deviation of etch
bias. Perhaps altering the other parameters increased etch bias.
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Figure 14. Interaction plots showing the effect of RF power and pressure on each other. The
arrows show the direction of the increase in the parameter on the y-axis. No other parameters
showed interaction.
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5. Etch Bias Conclusions
Combining the future experiment data with the previously determined etch bias
data, a model with R 2=0.92 and R 2adj=O-90 was generated. This refined model supports
the previous findings of a linear relationship between etch bias and Cl2. Etch bias's linear
relationship with magnetic field depends on the value of pressure since the two
parameters effect one another as is shown in the interaction plots, Figure 14. If pressure is
set to the center point values then magnetic field is linear as in Figure 12.
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Figure 15. Interaction plots showing the effect of RF power and magnetic field on each other. The
arrows show the direction of the increase in the parameter on the y-axis. No other parameters
showed interaction.
This new model does supports the previous model's conclusion that C12 and
magnetic field largely effect etch bias. In addition, the refined model shows RF power
*magnetic field to be important despite the fact that the interaction plot shows the two to
have little effect, if any, on each other, Figure 15. Table 11 lists the parameters' prob >F
values.
Parameter Prob>F
RF Power * 0.0003
Mag. Field
Mag. Field 0.0004
C12 0.0455
Table 11. The important parameters from the refined etch bias model.
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Chapter 5. Endpoint
The gate etch recipe used an end pointed main etch step. The endpoint data for the
first set of wafers run for the etch bias results were analyzed. Figure 16 shows the
endpoint times for the experiment. Wafer one is the average of five out of the six center
point wafers that were run. The omitted wafer is believed to have a first wafer effect.
Endpoint By Wafer
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52.5-
50.0-
47.5
45.0
42.5-
40.0 . * .
0 5 10 15 20
Wafer
Mean Fit
Mean Fit
Mean 47.6
Std Dev [RMSE] 2.613154
Std Error 0.674713
SSE 95.6
Figure 16. Endpoint versus wafer for the original etch bias runs. Wafer one is the average of five
out of the six center point wafers that were run.
Five wafers have endpoints have as much as six seconds difference than the center
point. However, this is not a concern since the etch bias for these wafer is only at most a
1 nm difference. The different endpoint time is probably due to the process differences or
the tool. Table 12 lists the wafers and their different endpoint times and corresponding
etch biases.
To understand the different endpoint times, endpoint was graphed as a function of
each parameter using only three wafers: the average center point, and the high and low
44
parameter values. All parameters, except for RF power showed either a parabolic or
random relationship since three data points can only determine a linear relationship well.
The RF power data points fit a linear relationship with a R2 of 0.997 and a R 2adj of
0.994, Figure 17. The slope of the line is -0.1. Thus a 10 W change in RF power will alter
the endpoint by 1 second.
Wafer Endpoint (s) Etch Bias (nm) Parameters
2 44 -26 Low Pressure
5 53 -27 High RF Power
6 42 -28 Low RF Power
17 46 -26 High Press, Low
Magnetic Field
18 51 -28 High Pressure,
High Magnetic
Field
19 50 -27 Low Pressure,
High Magnetic
Field
1 48 -27 Center Point
Table 12: The wafers with endpoints that are a two to six second difference than the center point.
The difference in endpoint is not a concern since the etch biases for these wafers are not
significantly different than the etch bias of the center point wafers.
The prediction profile, Figure 18, supports the -0.1 relationship between RF
power and endpoint time, estimating the graph as a line. (All profile wafer data was used
to generate the prediction profiles except for the center point wafer that exhibited a first
wafer effect and wafers with suspicious endpoint times: run 4 wafer and the second center
point wafer.) The graph for etch bias versus pressure was also estimated as a line with a
slop of 0.07. The three other parameters have parabolic relationships with endpoint time,
which can be estimated as two lines changing slope at the center point value. As magnetic
field increases the slope changes from 0.2 sec/G to 0.06 sec/G. HBr has no effect on
endpoint time until the center point is reached and the slope of the curve is 0.06. Like,
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magnetic field Cl2 has a slope of 0.2 below the center point value. Above the center point,
Cl2 is a horizontal line.
Although the graphs suggest magnetic field and Cl2 to have the largest effect on
the endpoint time in our future experiment tests, three out of the four runs had magnetic
EP By RF Power
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Figure 17. RF Power and endpoint have a linear relationship with a slope of -0.1.
field and Cl2 values that were equal to or greater than the center point values. Within the
tested range magnetic field and Cl2 have less effect on endpoint time. However, in the
tested range RF power has the greatest effect with a slope of -0.09, which equals the
slope of Figure 14. Thus it was accurate to determine endpoint times using only the linear
relationship between endpoint and RF power.
This linear relationship is not altered by a change in any other parameter according
to the interaction plots, Appendix A. The interaction plots show that all parameters
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interact to some degree with each other except for effects of any parameter on RF power.
Thus RF power is not influenced by other tested parameters and decreases the endpoint
time by 1 second for every 1OW increase in power.
Prediction Profile
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Figure 18. Prediction profiles for endpoint.
The influence of RF power on endpoint time is supported by the generated least
square model with an R2 of 0.98 and R2 adj of 0.97. Table 13 lists all of the significant
parameters effecting endpoint time.
Parameter Prob>F
Pressure * RF Power 0.0050
Pressure 0.0059
Mag. Field 0.0062
Mag. Field * Mag. Field 0.0087
RF Power 0.0243
Table 13. Significant parameters effecting endpoint time.
The models are unable to explain the upward trend in endpoint times for the same
recipe, Table 14, which were apparent during testing. This trend has previously been
noticed but uncharacterized at Motorola Inc. No relationship was found between the
increasing endpoint times and etch biases. Perhaps the increased time is due to tool
conditions or is a similar phenomena to the first wafer effect.
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Wafer Endpoint (s)
4 47
7 47
14 48
16 48
20 49
Table 14. The center point wafer's endpoint times increased over time.
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Chapter 6. First Wafer Effect
All twenty wafers for the original etch bias experiment were run together. The
first wafer had a noticeably lower etch bias and endpoint time than the other center points,
suggesting a first wafer effect. Table 15 lists the etch bias, standard deviation and endpoint
time of the first wafer and the average for the remaining center points. (Recall that for etch
bias and standard deviation an additional center point data point was ignored.)
Wafer Etch Bias Stnd Dev Endpoint (s)
1 -31.8 5.25 43
Center Point -27.1 5.38 48
Average
Difference -4.7 -0.13 -5
Table 15. Difference in data for the first wafer run during etch bias recipe and the other center
point wafers in the same lot. The data suggests a first wafer effect.
The etch bias difference is mathematically due to a higher ADI value as is shown in
Figure 19. The ACI measurements for all center points was approximately 0.24. Perhaps
in photolithography, where the ADI is measured, there was a first wafer effect with this
wafer causing the high CD value and first wafer effect or low endpoint when etched.
Another possible cause could be the conditions of the descum, nitride or
polysilicon chambers due to the tool sitting idle before this first wafer. Perhaps, the
chambers were heating up or there was residue on the walls or residue gas in the
chambers.
Although this experiment supports the existence of a first wafer effect, its cause is
unknown. Since this problem does not cause a significant (more than 5 nm) change in
etch bias it is not a major concern. Future testing must be performed to discover the cause
if the first wafer phenomenon starts affecting etch bias.
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ADl By Wafer
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Wafer
[Means and Std Deviations
Level Number Mean Std Dev Std Err Mean
1 16 0.266912 0.003533 0.00088
14 18 0.262206 0.007038 0.00166
16 18 0.264344 0.003776 0.00089
20 18 0.264372 0.004030 0.00095
4 14 0.264036 0.003964 0.00106
7 18 0.264411 0.006777 0.00160
Figure 19. ADI versus center point wafers.
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Chapter 7. Conclusions and Future Testing
From the polysilicon etch rate models a high RF power and magnetic field
combined with a low pressure will maximize the etch rate. The tested parameters have
little, if any, effect on polysilicon uniformity.
The models generated for oxide etch rate and uniformity and thus selectivity had
values below 0.90 for R2 and R 2adj. Thus it is not certain that the models are correctly
determining the significant parameters. However, for uniformity the least squares model
had prob>F of almost zero for a few parameters, suggesting that with a better model these
parameters would still be deemed significant. The parameters most effecting oxide
uniformity are pressure * HBr and RF power * magnetic field.
Etch bias has a negative linear relationship with Cl2 and a positive linear
relationship with magnetic field, given pressure is set to the center point. Magnetic field
and pressure affect each other's influence on etch bias. RF Power * magnetic field is also
a significant parameter of etch bias, although the interaction profiles show the two
parameters have little, if any, effect on each other.
Improvements of the tested main etch can be improved by increasing RF power,
magnetic field and lowering pressure. This alteration will increase polysilicon etch rate,
maintain polysilicon uniformity, and keep etch bias close to the previous value. The
effects on oxide etch rate and uniformity are not certain and are also less important to the
etching. With an increased polysilicon etch rate, selectivity should be improved provided
oxide etch rate does not increase the same amount as the polysilicon etch rate.
The condition with A-10 mTorr, B+20 Watts, C+5 Gauss, D and E sccm appears
to be the most beneficial condition other than that of the center point. Further testing
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needs to be done to confirm the results that the etch bias is within 5nm of the center point.
The conditions must be tested on more than one wafer and from run to run to test the
reliability of the conditions. Running under this optimum condition should be tested in
another MxP chamber to verify the results.
More wafers could be run in order to improve the oxide etch rate, uniformity and
hence selectivity models. Having better models will help predict the amount of oxide
etched during the main etch.
Only the main etch was altered for the screening experiments. Altering the
overetch step parameters is known to effect the profile of the wafers. A screening
experiment for the overetch step should be performed and the results combined with these,
as well as nitride and descum screening experiments to fully optimize the polysilicon
silicon gate etch in an MxP chamber.
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Appendix A: Interaction Profiles
The black arrows show the parameters on the left y-axis increasing direction. Graphs
without an arrow suggest a random pattern.
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Figure 20. Polysilicon uniformity interaction plots. All paramters interact with each
other.
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Figure 21. Oxide etch rate interaction profiles
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Figure 22. Oxide uniformity interaction profiles.
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Figure 23. Endpoint interaction profiles.
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